This study uses a large panel of tax returns from 1999 to 2008 to investigate how taxes affect the decision to realize gains. The study distinguishes the persistent effect of tax changes from the transitory effect. Similar to earlier studies in the literature, we use the generalized Tobit model to address the sample selection problem and the endogeneity problem in the tax variables, but we improve the identification of the tax elasticity by using the presence of carryover loss as an exclusion restriction. We also control for the financial sophistication of taxpayers because that could be an important source of omitted variable bias. The preferred persistent elasticity estimate is -0.79, and the transitory estimate is -1.2. Those estimates are statistically significant and are robust to a number of sensitivity tests. Although we focus our examination on personal capital gains, we also compare the results of our model to results from the original model applied to contemporary data, estimate our model on subperiods, and estimate our model on other types of capital gains. We find that passthrough capital gains are highly sensitive to persistent tax changes, but gains from mutual fund distributions are extremely insensitive.
I. INTRODUCTION
The relationship between the marginal tax rate and the timing of capital gains realizations has been studied intensely. One reason for that intense interest is the apparent relationship between those two variables, as demonstrated in Figure 1 . Realizations sharply increased prior to the increase in tax rates in 1987, and relatively low levels of realizations accompanied relatively high marginal tax rates, even as the S&P index rose, during the years 1987 through 1996. However, there are many factors that might explain this simple interpretation, such as the increase in the variety of financial products, the increase in realizations from partnerships and S corporations, and announcement effects.
An early econometric estimate of the response of capital gains to the tax rate is reported by Feldstein, Slemrod, and Yitzhaki (1980) . Using a sample of tax returns from 1973, they estimate that, in response to a capital gains tax rate reduction, taxpayers with substantial holdings of corporate stock would increase their realizations by enough to raise their total taxes paid. 1 The study sparked a flurry of other research, some using cross-section data on individuals, others relying on aggregate time-series data. Auten and Cordes (1991) note that cross-section estimates of elasticities using data on individual observations tended to be greater than 1.0 in absolute value, but time-series estimates of elasticities using aggregate data tended to be between -0.5 and -0.9.
Although studies of how other forms of income respond to taxes find a similar range of uncertainty, the variability in capital gains estimates may also stem from the issues that complicate its study. Income from capital gains realizations may be timed much more easily than income from salary and wages; in principle, capital gains realizations may be put off indefinitely. In addition, the decision to realize gains and the amount realized may jointly depend on unobservable factors, confounding attempts to consistently estimate models of those decisions. Finally, because relatively few taxpayers realize gains, microdata from a random sample of taxpayers contain few observations with gains, and samples stratified toward high-income taxpayers require weights for consistent estimation. Applying different solutions to those problems and examining different time periods can lead to substantially different estimates. Randolph (1994a,1994b) offer evidence that the disparity in estimated elasticities is caused by whether taxpayers view the changes in tax rates as a long-run "permanent" change or a short-run "transitory" change. Using a Type II Tobit on data for the years 1979-1983, they estimate an elasticity of "permanent" tax rates at -0.18, and an elasticity on "transitory" rates of -6.42. However, their estimates are very imprecise, so that their permanent elasticity of -0.18 is insignificantly different from both zero and -1.00. One likely cause of that imprecision is their use of the same set of explanatory variables to model both the decision to realize capital gains and the amount of gains to be realized. Since then, little additional research has been conducted.
One exception is Auerbach and Siegel (2000) , who estimate the Type II Tobit model of Burman and Randolph on individual tax data for the years 1986-1993. That study also suggests that imputation of the permanent tax variable may not capture important information about permanent rates. Using the Burman and Randolph imputation, Auerbach and Siegel find a permanent elasticity of -0.34, but with a modified formula they find a permanent elasticity of -1.72. The transitory elasticities are -4.91 and -4.35, respectively.
The purpose of this paper is to estimate the responsiveness of capital gains realizations on a panel of taxpayers followed over the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] , the most recent period available. Those years include two major tax acts: the Economic Growth and Tax Relief Reconciliation Act of 2001 (EGTTRA) and the Jobs and Growth Tax Relief Reconciliation Act (JGTRRA) in 2003. Because most capital gains realizations in the 1980s and early 1990s were personal realizations, rather than gains from passthrough entities or from mutual funds, we concentrate our analysis on personal capital gains realizations reported on line 8 of Schedule D. We also examine total realizations, as well as realizations from passthrough entities and mutual funds.
As in Burman and Randolph and in Auerbach and Siegel, we separately estimate the elasticities for longrun and short-run tax changes. We also use a Type II Tobit but improve the identification of the elasticities by adding a variable that affects the decision to realize gains but not necessarily the level of realization. In addition, we include variables that control for taxpayers' financial sophistication. Our approach measures the effect of an increase in tax rate that has persisted over the previous year, and is also expected to persist into the next year-thus, we use the term "persistent elasticities" to describe our results rather the term "permanent elasticities" used in other work. Using our preferred model specification, the persistent elasticity is estimated to be -0.79 with standard error of 0.11, and the transitory elasticity is estimated to be -1.20 with a standard error of 0.35. These elasticity estimates are robust to a number of sensitivity tests. In addition to personal capital gains, we find that capital gains from passthrough entities are very sensitive to long run tax changes (persistent elasticity of -1.95, and statistically significant) and that capital gains from mutual funds are quite insensitive (persistent elasticity of -.09, and statistically insignificant).
II. TAX TREATMENT OF CAPITAL GAINS
Accruing a capital gain does not itself generate liability, because gains are taxed only when they are realized through their sale. When the gain is realized, under the tax code it is considered income and is subject to taxation. The taxable amount is the difference between the price at which the asset was sold and the price for which it was purchased, minus adjustments for items such as commissions and tax depreciation deductions. The gain's taxable status (or lack thereof) and the applicable tax rate depend on factors such as how long the asset was held, whether the asset is an owner-occupied home, and whether the sale takes place after the death of the owner. 2 2 Starting in 1951, people selling their home and buying another were allowed to "roll over" any gain on the first home into the second, as long as the second home was of the same or greater value than the first home. Then starting in 1964, people age 65 or over were allowed a one-time exclusion of up to $20,000 on gains from the sale of their home. The exclusion amount was raised to $35,000 in 1976 and $125,000 in 1981 ; the age at which it became available was lowered to 55 in 1978. Those Realizations of long-term capital gains-defined generally as those on assets held for more than a yearare taxed at rates lower than rates imposed on ordinary income. Short-term gains-those assets held for a year or less-are taxed at the same rate as ordinary income. States typically treat gains, long or short, as regular income. There are several reasons why it may be more efficient to tax long-term gains at a lower rate.
First, capital gains taxation encourages investors to "lock in" to a specific set of assets. Although the initial purchase of an asset may be optimal at the moment of purchase, unforeseen events will inevitably call for an investor to rebalance his or her portfolio of assets. Higher marginal tax rates on capital gains realizations increase disincentives to rebalance that portfolio through the sale of assets, and inevitably lead to some level of inefficiency in the portfolios of taxpayers. Second, lower tax rates on capital gains can encourage entrepreneurs to invest time and effort into starting, building up, and selling new businesses. Third, because the taxable amount of realizations is not indexed for inflation, reducing the tax on those realizations also reduces the tax paid on items that are nominal gains but real losses. Finally, lower tax rates on capital gains encourage savings, which may increase the long-term productivity of the nation.
Since 1979, tax rates on long-term capital gains have risen and fallen while the overall tax rate structure has simplified. Before the Tax Reform Act of 1986, taxpayers were allowed a 60 percent deduction of any net capital gain. As a result, the maximum tax rate on capital gains was 20 percent (0.4 x 50 percent, the maximum ordinary rate). In addition, there were 14 ordinary tax brackets for married individuals and heads of household and 15 ordinary tax brackets for single taxpayers. The multiple brackets combined with the 60 percent deduction resulted in considerable variation in tax rates on capital gains. Between 1986 and 1998, individual income was subject to ordinary tax rates up to a maximum statutory tax rate of 28 percent, and there was no special tax treatment for income from realizations of gains. Moreover, there were at most five tax brackets (declining to three in 1987 and two in subsequent years). The tax structure has similarly simplified at the state level. For example, in 1986 California had 12 tax brackets and New York had 13 brackets, but by 1999 the numbers had been reduced to six and five brackets, respectively.
Because taxes are paid upon realization of a capital gain rather than as accrued, taxpayers can in effect choose when they pay their capital gains taxes. For instance, the Tax Reform Act of 1986 raised the top statutory tax rate on capital gains from 20 percent to 28 percent, effective at the beginning of 1987. Probably in anticipation of that increase, investors realized substantial gains in 1986 ($327.7 billion in provisions stayed in effect until legislation in 1997 replaced them with an exclusion of $250,000 (or $500,000 for joint returns) that could be claimed if the seller had owned the home for at least two years and had used it as a primary residence for two out of the previous five years. 5 1986, compared with $172.0 billion in 1985) . 3 Then, in 1987, realizations fell by almost as much, returning to a level comparable to the level before the tax increase. These large swings in realizations suggest that investors may be very responsive to rate changes immediately before or immediately after the change.
Finally, the treatment of capital losses is different from the treatment of capital gains. Preferential capital gains rates are applied after netting out any short-or long-term losses. Net losses can be used to offset up to $3,000 of ordinary income. Any remaining loss may be carried forward to the next taxable year. Thus, net losses up to $3,000 receive a tax subsidy at ordinary tax rates. Moreover, carryover losses from the previous year and current-period losses both may be used to offset current-year gains. The ability to offset gains with losses means that some taxpayers who otherwise would be subject to a positive tax will be able to have a zero tax rate on their gains.
III. EMPIRICAL MODEL
To facilitate comparison with previous empirical studies on the capital gains tax elasticity, we first review the relationship between capital gains realizations described in Randolph (1994a,1994b) and Auerbach and Siegel (2000) . This relationship is modeled as:
where i indexes individuals, t indexes years, and the γ s are conformable vectors of coefficients. The dependent variable, lng it , represents the natural log of capital gains (measured as the net long-term personal gains before prior-year carryover losses). The tax variables τ it-1 and τ it , are the combined federal and state marginal tax rate on long-term capital gains for their respective time periods. The tax variable τ ip is the long-run, permanent tax rate, and (τ it -τ ip ) is the transitory rate. The control variable vector X it includes a variety of wealth, income and demographic variables that will be explained below. In equation (1a), the effect on the capital gains realizations of a permanent increase in the tax rate is represented by γ 2 . The effect on the capital gains realizations of a transitory increase in the tax rate this year that is expected to disappear next year is given by γ 1 + γ 2 -γ 3 .
Rather than describe the tax rate as the sum of permanent and transitory components, we model the immediate, transitory response to a tax change and the long run, persistent change as:
In equation (1b), the effect on the capital gains realizations of a persistent increase in the tax rate is represented by γ 2 . The coefficient γ 2 measures the effect of an increase in tax rate, holding changes relative to the previous year and the next year constant. This occurs when there has been an increase in tax rate that has persisted over the previous year and is also expected to persist into the next year. The effect on the capital gains realizations of a transitory increase in the tax rate this year that is expected to disappear next year is given by γ 1 + γ 2 -γ 3 .
6
Note that both equations (1a) and (1b) can be rearranged such that the tax variables enter the equation as β 1 τ it-1 + β 2 τ it + β 3 τ it+1 . In that specification, the sum of all tax coefficients (β 1 + β 2 + β 3 ) is equivalent to the coefficient γ 2 in (1b) and therefore it is the effect of a persistent change in tax rate. We therefore refer to persistent elasticities rather than permanent elasticities when discussing our results. The coefficient β 2 is equivalent to γ 1 + γ 2 -γ 3 in (1b) and therefore it is the effect of a transitory change in the tax rates.
We take into account both the decision to realize capital gains and the amount of capital gains realized. Our full empirical specification is:
where the indicator * is a latent variable representing the decision to realize long-run capital gains, the αs and βs are conformable vectors of coefficients, λ it is the inverse Mills ratio and the control variable vector X 1it is a superset of X 2it . This framework allows for the possibility that the effects of regressors are different between the extensive margin of whether to realize capital gains and the intensive margin of the level of gains to be realized.
The progressivity of the individual income tax schedule makes it very likely that the capital gains tax rate variables are affected by the amount of realized capital gains. The resulting endogeneity problem requires us to find instruments that are strongly correlated with the current and future tax variables τ it and τ it+1 but are uncorrelated with the level of realized capital gains. 4 We use the "first-dollar" marginal tax rate variables (τ 0it ) and the maximum combined federal and state tax rate variables (τ sit and τ sit+1 ) as instruments for the two endogenous tax variables. Because those variables do not depend on any characteristic of the taxpayer other than his or her state of residence, they are exogenous. 5 The first-dollar marginal tax rate variable is computed with the amount of realized gains set to zero. However, it is still possible that the first-dollar rate is endogenous if taxpayers time their realizations to coincide with large deductions that lower the tax rate. To guard against that problem, we calculate the first-dollar tax variable with the following elements set to zero: state income taxes, property and sales taxes, charitable contributions and passive and active losses from partnerships and S corporations.
To address the possibility of a selectivity bias caused by taxpayer decisions to realize a capital gain, we employ the generalized Tobit model developed by Lee et al. (1980) . It consists of four steps. First, we regress the two endogenous tax variables τ it and τ it+1 on instruments and other regressors to obtain their fitted values ̂ and ̂+ 1 . Next, we use a Probit model to estimate the decision to realize gains on the full sample (with ̂ and ̂+ 1 replacing τ it and τ it+1 , respectively). In this step we also use the predicted values from the Probit estimation to compute the inverse Mills ratio. Third, we use the subsample of realizers to re-estimate the fitted values of tax variables. The regression includes the inverse Mills ratio 7 calculated from the second stage. Finally, we use Ordinary Least Squares on the subsample of realizers to estimate the level equation. The regression includes the fitted tax variables computed from the third step and includes the inverse Mills ratio. Because the asymptotic variance of this estimator is unknown, we use a standard bootstrap method to estimate the standard errors.
A taxpayer's decision to realize capital gains reflects economic factors as well as his or her life cycle savings and consumption decisions. The vector of control variables X it thus includes wealth and income variables as well as variables that reflect demographic characteristics such as age, family size, marital status, and regions. In order to account for taxpayers' financial sophistication, we include in the model the number of short-term transactions that taxpayers make. Dummy variables to indicate various losses (any personal long-term loss realization, net losses from the sale of a business or business asset, net losses from passthrough entities, and net short-term losses) are also included because those losses may affect the realization decision. Technically, we do not need an exclusion restriction (a variable that affects the decision to realize gains but has no effect on the level of realization) for the estimate to be identified. However, if there is not much variation in the sample, the inverse Mills ratio could be well approximated by a linear function of X 1 . When X 1 = X 2 , this correlation can introduce severe collinearity among regressors in the second stage, leading to large standard errors of the estimate. Without the exclusion restriction, the identification is based entirely on the functional form imposed by the Probit model.
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Our preferred model uses a dummy variable indicating whether the taxpayer recorded a carryover loss as an exclusion restriction. A taxpayer who carries a loss can use that loss to offset any capital gains that he realized. To the extent that the amount of realized gains is smaller than the amount of loss carryover, this lowers his capital gains tax rate to zero. Taxpayers with large carryover losses have an incentive to realize large gains, while those taxpayers with small losses only have an incentive to realize small gains. The mere presence of a carryover loss tells us that the taxpayer has an incentive to realize capital gains without telling us the magnitude of that incentive. We also perform a sensitivity analysis with respect to the use of this exclusion restriction. (2000), we calculate the persistent elasticity as:
Following Auerbach and Siegel
where it λ is the inverse Mills ratio evaluated at 12î h σ + , the predicted value of the selection equation (2) plus the covariance of the error terms in equations (2) and (3). 8, 9 The transitory elasticity is estimated with an analogous equation that excludes future and lagged tax coefficients. We estimate the elasticity 6 Some of these loss variables may reflect components that are endogenous. We perform a sensitivity test of our results to exclusion of these variables. 7 See Vella (1998) and Wooldridge (2010) for further discussion of this issue. 8 See Burman and Randolph (1994b) for the derivation. 9 Auerbach and Siegel (2000) differ from Burman and Randolph in that they use the fitted value of the future tax rate as the permanent variable and thus use it in their elasticity calculation. We follow their practice here in order to facilitate the comparison. We also calculate the elasticity using the average value of the past tax rate, the fitted current tax rate and the fitted future tax rate. The difference is negligible. 8 separately for each return and then calculate a weighted mean, using as weights the product of the population weight and the amount of gains realized.
IV. DATA
Our data come from a unique 10-year panel of federal tax returns, over the years 1999-2008, created by the Internal Revenue Service's Statistics of Income (SOI) Division. 10 The data are a stratified random sample of returns selected in tax year 1999. The data include each item on the federal tax form 1040 and their attendant schedules, including Schedule D (capital gains and losses). SOI has linked the data to Social Security Administration records to determine the dates of birth of the primary taxpayer, secondary taxpayers, and the first four dependents in the file. In addition, we linked the data to a 1999 SOI study of occupation and industry. We use Jon Bakija's tax calculator (Bakija 2009 ) to generate federal and state marginal tax rates by year for each observation.
The panel is a stratified random sample of tax returns that oversamples high income tax returns. The set of taxpayers is taken from the 1999 cross-section sample, which contained 176,966 returns. The panel subsample contains 88,123 returns from 21 income stratifications, 11 weighted to represent 123 million tax returns. The stratification by income includes sampling rates ranging from 0.05 percent to 100 percent. Each taxpayer and his or her spouse who were on a selected tax return in 1999 or who filed late for tax year 1999 in tax-processing years 2000 or 2001 are included in the panel for each year that they filed a return. Dependents and new entrants to the panel through marriage are not followed separately from the original panel member. Because of the complexity of the weighting procedures in handling taxpayers whose weighting shifts dramatically over time, we restrict our sample to taxpayers that did not experience a change in marital status over the 10-year period (dropping about 19,000 returns in 1999) or who had a change in the value of their weighting of more than 5 percent in 1999 (dropping about 174 returns).
The lefthand panel of Table 1 shows the sample sizes and total capital gains from all sources, including short-term, long-term, and passthrough gains, for the unrestricted sample. As can be seen, there was $559. The final column in each panel of Table 1 shows the positive long term capital gains realizations from the sale of or exchange of a capital asset, excluding capital gains and losses reported on lines 11-14 of Schedule D. The excluded amounts reported on those lines are items from the sale or exchange of a 9 capital asset used in a trade or business, involuntary conversions, amounts received from passthrough entities or mutual funds, and loss carry forwards. 13 Our dependent variable is the positive value of the sum of long-term gains excluding swaps, distributions, partnerships and S corporations, and involuntary conversions. In this paper, we focus on long-term gains from the sale of capital assets that are personal in nature and are reported on line 8 of Schedule D, including stock held for investment or the gain from the sale of primary residence in excess of $250,000 ($500,000 in the case of joint return). As shown in Figure 2 , personal capital gains realizations made up a significantly larger portion of total realizations in the 1980s and early 1990s than in later years. In 1984 and 1985, personal capital gains represented approximately three-quarters of total long-term realizations. Therefore, we believe that concentrating on line 8 totals provides a better comparison with earlier analyses. However, personal capital gains averaged only slightly more than a third of total realizations for the period 1999-2008, with capital gains realizations attributable to passthrough entities experiencing the largest increase -rising from approximately 10 percent of total capital gains in the late 1980s to almost 30 percent of capital gains in 2008. We therefore examine gains declared on lines 11-14 of Schedule D separately.
The restricted data have a total of 558,525 observations. We further restrict these observations for the following cases: We drop all dependent returns; we keep only those returns with the age of the primary taxpayer in 1999 between 18 and 120; we drop any return with a calculated total capital gains marginal tax rate less than zero or greater than 0.4; and we drop any observation with a missing value (as opposed to a zero) for any variable needed in the estimation process.
14 The combination of these restrictions results in a sample with 341,793 observations, with 70,377 reporting a long term capital gain on line 8 of Schedule D.
We create the marginal tax rate variables using Jon Bakija's tax calculator (Bakija, 2009) The exogenous variables that form the vector X include demographic and economic variables that may be correlated with capital gains. 15 Family size is the number of personal and dependent exemptions, and marital status is determined from the filing status of the taxpayer. We include dummy variables for taxpayer age brackets (such as 30-39, 40-49, and so on) created from an age variable provided from Social Security records matched to the data. The gender of the head of household is also included. We include dummy variables for region, which are derived from the taxpayer's state of residence. 16 We also 13 The excluded amounts on lines 11 are from the sale of property used in a trade or business, amounts from involuntary conversions from loss due to casualty or theft, amounts from swaps and straddles, or like-kind exchanges. The excluded amounts from line 12 are amounts from partnership, S corporation, and other passthrough entities. Line 13 excluded amounts are distributions from mutual funds. The line 14 exclusion eliminates capital loss carry forwards from prior years. 14 About three percent of the deletions were due to problems with the tax variables. 15 In the instances in which explanatory variables in log form take a value of 0 we replace the natural log with 0. We further add to the regression a dummy variable equal to 1 for all instances when the variable equals 0, and 0 otherwise. 16 include dummy variables for year in order to account for the aggregate shocks that affect all taxpayers in the same way across years.
We include in our model two imputed measures of unrealized capital gains-the total amount of unrealized gains and the proportion of unrealized gains in stocks. Both measures are imputed using Survey of Consumer Finance (SCF) data for 2001, 2004, and 2007 . We use SAS code provided by the Federal Reserve Board to create variables total unrealized capital gains and unrealized capital gains from stocks, bonds, and mutual funds. 17 The natural logs of these variables are regressed on demographic variables and tax variables common to both the SCF and our panel, and we use the estimated coefficients to impute the log of unrealized gains to our data. (See Table A1 in the appendix for the regression results.) We also include the lagged values of business losses and rent losses, taken from tax data, as measures of business wealth.
As in Randolph (1994a, 1994b) and Auerbach and Siegel (2000) , we estimate permanent income by regressing the natural log of the average of real positive income over all years on demographic characteristics. Then the regression estimate is used to impute annual permanent income based on lagged values of the regressors. Transitory income is measured as the difference between current income (the sum of positive income from all sources except gains) and permanent income.
Because a taxpayer may use up to $3,000 of his capital loss carryover to offset against his ordinary income, we create a dummy variable for the presence of capital loss carryover in excess of $3,000. In order to account for financial sophistication of taxpayers, we include dummy variables for the number of short-term realizations that a taxpayer made in the prior year: 0, 1-34, 35-167, 168-1001, and more than 1001. These brackets are based on the sample distribution of those with positive lagged number of short-term realizations. 18 We also include dummy variables for any long-term loss realization, net losses from the sale of a business or business asset, net losses from passthrough entities, and net short-term losses. Table 2 shows the mean values of the variables from the sample of 341,793 observations. As described above, the panel is a stratified sample that oversamples taxpayers with high incomes. Comparison of the weighted and unweighted mean long-term gains highlights the effect of the sample stratification. The average long-term gain reported on line 8 of Schedule D is $2,136. However, if we do not use the weights, the average jumps to $466,665. Similarly, for the sample of observations reporting a long-term capital gain, the weighted average among realizers is $36,885 and the unweighted average is almost $2.5 million.
Finally, note that the sample of realizers is different from the overall sample. Compared with the population of all returns, on average the sample of realizers tends to have higher income, has a higher marginal tax rate, is roughly 10 years older, is more likely to be male and married, and is less likely to have children.
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V. RESULTS
We implemented the empirical approach described in section III using a double-hurdle model and test for the presence of sample selection in who realizes a gain. Because we find evidence of sample selection, we use the generalized Tobit model.
Estimates from the Double-Hurdle Model
We start our regression analysis with an estimate of a naive double hurdle model, in which we assume that, conditional on our explanatory variables, the decision to realize a long-term capital gain is independent of the level of realization. The estimation method is similar to the generalized Tobit method described earlier, except that the inverse Mills ratio is omitted from the third and fourth steps. Both the criterion function and the level equation include the dummy variable for the presence of carryover loss. The results are shown in Table 3 .
The three tax variables as (τ it-1 , τ it , and τ it+1 ) constitute the main focus points of our analysis-their coefficients capture the persistent and transitory effects of changes in the capital gains tax rate. The sum of all the tax coefficients measures the effect that an increase in tax rates has on capital gains realizations, holding changes relative to the previous year and the next year constant. Using equation (3), the elasticity of capital gains realization with respect to the persistent change in the tax rate is -0.69, with a standard error of 0.10. On the other hand, the effect on capital gains realizations of a transitory increase in the tax rate this year that is expected to disappear next year is measured by the coefficients on the current tax rate ˆt τ . The transitory elasticity is estimated to be -1.02, with a standard error of 0.32. Equation (4) can be decomposed into the elasticity for the decision to realize and the elasticity for the amount realized. Table 2 lists the weighted mean marginal tax rate for those realizing gains, and Table 3 lists the estimated coefficients. Multiplying the sum of the coefficients of the tax variables by the mean marginal tax rate yields an approximation of the elasticity of average realized gains from a persistent tax change: -0.56. The elasticity of the realization decision is therefore about -0.12. An analogous decomposition of the transitory elasticity shows that the elasticity of average amount of gains is -0.83 and the realization elasticity is -0.19. These results suggest that tax rates influence the amount of gain that taxpayers choose to realize more than those tax rates influence whether taxpayers choose to realize a gain.
Note that our estimate of transitory elasticity is substantially smaller in absolute magnitude than prior estimates. One might expect taxpayers to be less responsive to temporarily low rates for at least three reasons. First, as described previously, the tax rate structure has simplified, and for most taxpayers flattened, considerably since the time period studied by Randolph (1994a, 1994b) . There are never more than two applicable brackets in our sample, as opposed to 14 to 15 brackets in 1979. Consequently, in our sample temporary changes in income are less likely to result in changes in tax rates. Second, more taxpayers are in the top bracket than in prior years, including the period studied by Auerbach and Siegel (2000) . We show this in Table 4 , where we compare results for 1993 (found in Table  13 and Table 14 of Burman and Ricoy 1997) with comparable calculations on total realizations of longrun capital gains for 2007. In 1993, slightly less than 60 percent of capital gains were realized by those with incomes greater than $200,000, and they faced an average tax rate of 23.9 percent-and the top rate was 28 percent. In 2007, 84 percent of capital gains were realized by those with incomes greater than $200,000, and they faced an average tax rate of 14.8 percent-and the top rate was 15 percent.
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The table makes it clear that there are more gains being realized at the top rate in 2007 than in 1993, which is likely due to a lack of opportunity to realize them at a lower rate. Finally, unlike the 1986 rate change, the federal rate reduction in JGTRRA was not known in the year prior to its enactment, giving taxpayers fewer opportunities to delay realizations until the drop in rates.
Coefficients on the other control variables generally conform to expectations. Capital gains realizations are significantly and positively related to both permanent and transitory incomes. Imputed unrealized gains have a large and positive effect on the level of realizations, although they have a small negative effect on the criterion function. The share of wealth held in stocks is included in the model because of the ease with which stock can be liquidated relative to other assets, such as real estate. The extremely small standard error of the share in wealth variable in the Probit stage suggests that friction is an important determinant in explaining the realization decision.
The categorical variables for age show that the probability of realizing gains increases with age; however, the average size of gains is less clearly related to age. In both the criterion function and the level equation, the categorical variables for the lagged number of short-term realizations have coefficients of increasing magnitude-except, surprisingly, for the last group (with the largest number of transactions). Those magnitudes suggest that up to a point, the more actively one participates in shortterm realizations, the higher the probability of realizing a long-term gain and, other things being equal, the larger the gain realized. The standard errors of the coefficients on the last group are noticeably higher than those of the other groups, possibly because there are too few observations to precisely estimate their effects.
The coefficients on dummy variables for long-term loss realization, net losses from passthrough entities, and net short-term losses are positive and significant in both equations (2) and (3). The coefficients on the dummy variables indicating net losses from business sales are positive in both stages but are significant only in only the level equation-possibly because of too few observations reporting such losses. The statistical significance of those loss variables in the level equation is surprising in that the mere presence of a loss, without regard to size, appears to be correlated with larger average realizations. The dummy variable for having carryover loss, however, is positive and significant in the Probit stage but is insignificant in the level equation. It is also predetermined, which suggests that the significance of the other loss variables may be due to endogeneity-taxpayers may be simultaneously deciding to realize relatively large gains and claim a loss. We explore this issue in the sensitivity analysis section.
The estimates in the double hurdle specification are consistent only if the assumption about the independence between the decision to realize and the level of realization holds. If those two decisions are correlated, as one might suspect, the estimates are inconsistent. To account for this sample selection problem, we estimate the generalized Tobit model as discussed earlier. We use the dummy variable that indicates carryover loss as the exclusion restriction in the Probit stage. Above we argue 13 that a taxpayer having a carryover loss does not affect the amount of gains realized by a taxpayer. Nevertheless, we add the carryover loss variable to the second stage. The statistical insignificance of that variable supports the idea that it does not affect the amount of gains realized. Approximately 35% of the observations in any given year used a carryover loss to offset other gains. Table 5 shows results from the generalized Tobit model. The coefficient on the inverse Mills ratio is positive and statistically significant, indicating that we need to account for the sample selection in order to avoid bias and inconsistent estimates. Because the coefficient is an estimate of the covariance of the error terms of the two stages, our results suggest that-conditional on the explanatory variables-the larger the gain, the greater the probability that it is realized.
Estimates from the Generalized Tobit Model
Both persistent and transitory elasticities are slightly greater in absolute magnitude than those from the double-hurdle specification. The persistent elasticity is estimated to be -0.79, with a standard error of 0.11, while the transitory elasticity is estimated as -1.20, with a standard error of 0.35. Comparing the persistent elasticities between the two models, the amount of bias in the persistent elasticity estimate appears to be on the order of 0.10.
Decomposing the elasticities into average realizations and the realization decision, the persistent elasticity of average realizations is -0.70 and the elasticity of realizations is -0.09. The elasticities for transitory changes are -1.06 and -0.14. In both transitory and persistent changes, therefore, it appears that tax rates play a small role in the decision to realize capital gains. That accounts for the relatively small amount of sample selection bias we find, even though the selection effect is statistically significant.
Accounting for selection bias doubles the elasticity of gains with respect to persistent income, and it raises the elasticity of gains with respect to transitory income by about 50 percent. The proportion of gains held as stocks becomes much more pronounced and statistically significant. The effect of age on realized gains becomes clearer, and for taxpayers over 40 follows the same pattern as the effect on the probability of realizing a gain. The number of short-term transactions has the same effect on average realizations, although the increase in average gains with the number of transactions becomes even more pronounced.
VI. SENSITIVITY ANALYSES
We explore the robustness of our results to a number of alternative model specifications and assumptions. Table 6 reports the key results. More complete results are provided in the appendix.
Unweighted Estimates
As indicated earlier and highlighted in Table 2 , our data come from a stratified random sample of tax returns. The sample design specifically oversamples high-income taxpayers, including those with income from capital gains. The introduction of this non-random sampling process complicates the estimation of capital gains realizations. Hausman and Wise (1981) show that the proper treatment of the non-random sample selection process (when the sampling structure within the strata is known) is to perform weighted least squares, or maximum likelihood procedures may be used to correct for the endogeneity of the sample design. Consequently, we use population weights to account for the stratification of the sample. The weights are the inverse of the sampling rate for each of the 21 substrata. Minarik (1984) points out that consistent estimation of the effect of taxes on capital gains requires the use of weights because the stratification is based on total income and thus is correlated with realizations of capital gains. In a sensitivity analysis, he shows that weighted regressions result in substantially smaller elasticity estimates than are produced by unweighted regressions. 20 The standard errors for the weighted regressions are not calculated, but it is reasonable to suspect that the standard errors are larger in this case.
Although the estimates derived from unweighted regressions are inconsistent, it is worthwhile to understand the sensitivity of the results to the stratification of the sample. To that end, in Table 6 we report the results from the model in the previous section, but without the use of weights. The persistent elasticity increases from -0.79 to -1.13 (unweighted). The transitory elasticity changes from -1.20 to -1.60 (unweighted). In both cases, the standard errors are smaller in the unweighted regressions.
Allowing Heterogeneous Wealth Effects Across Time
Aggregate shocks, such as those from changes in the stock market, are likely to have large effects on the stock of unrealized capital gains, and these effects are likely to be heterogeneous for taxpayers with different levels of wealth. Although our model specification includes dummy year variables to control for those aggregate shocks, they are constrained to have similar effects on gains realizations for every taxpayer in the same year. To allow for the heterogeneous effects, we interact the imputed unrealized gains variable with the year dummy variables. As shown in Table 6 , both persistent and transitory elasticities change very slightly from the base model without the interaction terms.
Possible Endogeneity of the Tax Variables
Gravelle (2010) suggests that the -1.72 elasticity estimated in Auerbach and Siegel (2000) may be due to transitory components in the first-dollar tax rate. Although we define the first-dollar tax rate to minimize that concern, remaining transitory components might still bias our estimates away from zero. We conduct two tests of that problem.
First, we re-estimate our model without the first-dollar tax variable, also dropping τ it-1 and τ it+1 . 21 In this case, the coefficient onτ it is the persistent effect of a tax change and its instrument, the maximum state and federal tax rate, does not have the endogeneity problem that may affect the first-dollar tax variable. The resulting estimated elasticity of -0.735 is nearly identical to the estimate in Table 5 . We then reestimate our model with τ it-1 , τ it , and τ it+1 , using as instruments τ sit-1 , τ sit , τ sit+1 . Although the instruments are exogenous, their obvious correlation should lead to larger standard errors than in other models. In 20 Feldstein et al. (1984) attribute this decline to heterogeneity of elasticities across taxpayers, because they suspect that weighted regressions emphasize the responses of low-income taxpayers, who they believe are less sensitive to tax rates than high-income taxpayers. We address the points of both Minarik and Feldstein et al. by using population weights in the regression analysis and the product of population weights and capital gains realizations in calculating mean elasticities. 21 We would like to thank William Randolph for suggesting this approach. this case, the elasticity is estimated to be -0.682, and, as expected, the standard error is nearly triple the standard error in our preferred model. In sum, the potential endogeneity of the first-dollar tax rate does not appear to be a problem.
Possible Endogeneity of the Four Loss Variables
As mentioned previously, the significance of the four dummy loss variables (indicators for personal longterm losses, net business losses, net pass-through losses, and net short-term losses) in the level equation may be due to their endogeneity. If so, their coefficients are biased, and that endogeneity could bias other coefficient estimates as well. One method for exploring this possibility would be to find exogenous variables correlated with losses and uncorrelated with the error term, and then to use twostage least squares to conduct a Hausman test. However, a simpler threshold test is to check the magnitude of the problem by dropping all the potentially endogenous loss variables from both equations. We include the carryover loss variable in the first stage because it is predetermined. The results show only a minor change in elasticities, suggesting that there is little problem caused by the possible endogeneity of the loss variables.
Including the Dummy Carryover Loss Variable in the Level Equation
Use of identical sets of explanatory variables in equations (2) and (3) leads to coefficient estimates being identified through the functional form imposed by the Probit model. Ideally, equation (2) will contain explanatory variables that influence the decision to realize capital gains but do not determine the amount of those gains. Those variables would reduce the collinearity and thus increase the sampling variation of the estimated coefficients. However, to further investigate the effects of the loss variables, we examine the exclusion of the carryover loss variable in the level equation.
The results of adding carryover loss in the level equation are shown in the eighth row of Table 6 . Although the carryover loss variable is insignificant in the level equation of the double-hurdle model, it becomes significant when the inverse Mill's ratio is included. 22 In this model, the permanent elasticity and transitory elasticity are each slightly larger in absolute value than those in the model in Table 5 .
It is possible that taxpayers with relatively large amounts of carryover losses engage in multi-year taxminimization strategies. This may explain the significance of the carryover loss variable in the level equation. To investigate this issue, we replace the dummy carryover loss variable with two dummy variables for whether the carryover loss amount falls into the following groups: $3,000-$15,000 and above $15,000. 23 We found that both dummy variables are positive and significant in the Probit stage but only the second group's dummy variable (above $15,000) is significant in the level equation. This is consistent with our hypothesis that those with relatively large amount of carryover loss may employ multi-year strategies. When the two dummy variables are added to the model, both persistent and transitory elasticities are virtually identical to the comparable model that has only one dummy variable for carryover loss.
VII. ADDITIONAL ANALYSES
Because our model extends work by previous authors, we compare our estimates made with the previous models on contemporary data. We also examine the variation over time in the elasticity over time, and apply our model to alternative types of capital gains realizations.
Comparison with Prior Methods
In our analysis of data from 1999 through 2008 the persistent elasticity is -0.792 and the transitory elasticity is -1.196. But as described above, Burman and Randolph (1994a,b) estimate a permanent elasticity of -0.18 and a 'transitory' elasticity of -6.42 for the years 1979-1983 while Auerbach and Siegel's modification lead to permanent and transitory elasticities of -1.72 and -4.35 for the years 1986-1993. Here we apply the previous methods to our data to decompose the differences between their results and ours into differences due to methodology and differences due to data. Table 6 provides elasticity estimates using the unweighted and weighted versions of those methods. Burman and Randolph's unweighted method leads to permanent and transitory elasticity estimates of -0.584 and -2.697. Applying weights to their method almost doubles the permanent elasticity while slightly increasing the transitory elasticity. However, Table 9 also shows that the weighted estimation method yields a standard error so large that the permanent elasticity estimate is not statistically significant. In Burman and Randolph's study the equivalent use of weights resulted in only a small change in the elasticity estimate.
Applying Auerbach and Siegel's method leads to permanent elasticities of -1.272 (unweighted) and -1.000 (weighted). In the weighted regressions, both the Burman-Randolph method and the Auerbach-Seigel methods lead to similar elasticities greater than one in absolute value. The additional variables we include in our regressions reduce the estimated elasticity to -0.792.
Estimates Using Subperiods
In our main analysis, we use the data from 1999-2008. However, the length of the panel and the large number of taxpayers in the sample allow us to precisely estimate the elasticities over shorter time periods. Here we examine shorter time periods similar to previous analyses. We break our sample into four subperiods 2000-2001, 2002-2003, 2004-2005, and 2006-2007. As shown in Table 8 , estimates from the first two sub-periods (2000-2001 and 2002-2003) are similar to the main results using all available years (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . The 2004-2005 period has a much higher persistent elasticity, and the 2006-2007 period has a much lower persistent elasticity. However, the 95 percent confidence interval of the persistent elasticity for all subperiod estimates approximately contains our point estimate from the full period analysis (1999 -2008) .
Estimates Using Alternative Capital Gains Variables
Until this point, we have focused on personal capital gains. We now apply our base model specification to alternative types of capital gains realizations. First, we analyze net long-term gains from sales of businesses or business assets. The estimated elasticities of those gains are listed in column 2 of Table 9 . The persistent elasticity is -0.79 and the transitory elasticity is -2.21. Although the persistent elasticity of businesses or business assets is similar to that of personal capital gains, the transitory elasticity is almost twice that of personal gains.
Net long-term gains from passthrough organizations, such as partnerships, S corporations, and estates and trusts from schedule K-1, result in a persistent elasticity of -1.93. This is a markedly higher sensitivity to tax rates than other types of capital gains show and is nearly identical to the transitory elasticity. Possibly, those results are associated with partnerships in the finance industry, such as hedge fund managers, that may be extremely sensitive to tax changes.
On the other hand, the variable for capital gains distributions from mutual funds has a persistent elasticity of -0.08, which is a markedly lower sensitivity than other types of gains show. That suggests that mutual funds use criteria other than taxes when determining the timing and amount of gains to distribute.
Finally, we consider the total net long-term gains, before carryover, which have a persistent elasticity that is slightly greater than 1 in absolute value and a transitory elasticity of -1.53.
The transitory elasticities and the inverse Mill's ratios are much less precisely estimated in the subperiod analyses than in the analysis using the full time period. The sensitivity of these results may be explained by the smaller variation associated with the shorter time frames. As we mentioned earlier, the inverse Mill's ratio could be approximated well by a linear function of the explanatory variables when there is not enough variation in the sample. Even with an exclusion restriction variable, this could lead to a severe collinearity problem and could yield estimates that are fairly sensitive and only weakly identified.
VIII. CONCLUSION
In this paper, we estimate the elasticities of long-run capital gains with respect to persistent and transitory tax changes. Adapting a model developed by Randolph (1994a, 1994b) and extended by Auerbach and Siegel (2000) , we estimate elasticities of persistent tax changes in the range of -0.58 to -1.41, with most estimates about -0.80. Transitory elasticities almost always exceed 1 in absolute value, although they are much lower than some previous estimates. The decision over how much gain to realize appears to be much more sensitive to tax rates than does the decision to realize a gain. Although we focus our examination on personal capital gains, we also compare the results of our model to results from the original model applied to contemporary data, estimate our model on subperiods, and estimate our model on other types of capital gains. Two substantial differences between personal capital gains and other types of gains are worth noting: The elasticity of long-run capital gains from partnerships, S corporations, and trusts is much greater than 1 in absolute value; and the elasticity of capital gains distributions from mutual funds is nearly zero.
Although use of existing methods on new data allows for a clear comparison with previous research, there are disadvantages as well. For example, the consistency of our estimates relies on the distributional assumptions of our parametric model. In addition, our model examines the average effect of tax changes, although the effect may vary substantially across income categories, just as it varies across time periods and types of capital gains. Finally, if sophisticated taxpayers plan many years in advance, lagged variables may be endogenous rather than predetermined. In future work, we hope to address those concerns. 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 
